to rationalize health safety measures. A survey report on a scenario of pesticide or other toxic residue on fresh fruits in Pakistan is shown in Table 1 .
Pesticide testing in foodstuffs has become challenging, and different techniques have been developed to investigate these residues. Among the analytical approaches, thin layer chromatography (TLC) is widely employed for the analysis of pesticide residues -especially in food products [27] . The development of high-performance thin-layer chromatography (HPTLC) is its improved version of higher resolution and sensitivity over TLC. The present work was designed to determine the presence of pesticide residues in various fruit varieties in the indigenous soil of the Faisalabad District and Toba Tek Singh by HPTLC method.
Experimental
Samples of selected five fruits -mango, guava, kinnow, melon, and peach -were collected randomly from different farmlands of four zones, namely Zone 1: Toba Tek Singh; Zone 2: Gojra; Zone 3: Samundari; and Zone 4: Pirmahel, and analyzed for various pesticide residues. For pesticide extraction, slight modification was made as per the method reported by Kadenczki et al. [28] . Solid-phase extraction was used for the cleanup and concentration of the sample analysis. Samples collected from selected areas were processed for extraction and analysis as precisely reported by Wang et al. [29] . Various protocols were employed according to the nature of pesticides present on the fruit samples for the estimation of pesticide concentration through TLC. Pre-coated silica gel 60 glass plate (20 x 20 cm) was activated. TLC plates validated by various appropriate methods and sample were run to identify the concentration of unknown residues. The samples were spotted along with marker compounds and developed in a pre-saturated tank of ethyl acetate following the method of Afful et al. [30] . The method (aluminium oxide G incorporated with silver nitrate and UV exposition) is specific for the detection of halogen and several other compounds by following the method of Tiryaki and Aysal [31] . This method (enzyme inhibition with cow liver extract and β-naphthyl-acetate substrate) is very specific for the detection of phosphoric, thiophosphoric acid ester and carbamate pesticides in fruits as per the method of Katrolia et al. [32] .
Results and Discussion
For the quantification of pesticide residues, validated TLC plates were employed for standard runs of each for adults and children, respectively. We observed that high concentrations of α-endosulfan were found in melon, kinnow, and peach, but only in very trace amounts in guava samples (Fig. 1c) . Our study showed that reported samples have higher concentrations than permissible limits with residual amounts of 0.247-0.263 mg kg -1 in zone 1 and 0.257 mg kg -1 on average in Zone 2, while two sites were safe in this zone for peach samples. Moreover, peaches in Zone 4 were found to be contaminated with imidacloprid residues at 0.218 mg kg -1 on average in the pirmahel sector. Its concentration in melon was also higher than the allowed level, with 0.128 mg kg -1 in Zone 1, and the maximum amount was found in Zone 3 at 0.174 mg kg -1 . Guava was found with marked contamination that surpassed the permissible limits. Zone 1 was a more contaminated area than other zones with 0.075-0.202 mg kg -1 residue of imidacloprid. A brief comparison of imidacloprid and triazophos is given in Fig. 2a) , which shows mango with highest residual contents while melon has the lowest.
Methidathion is also an organophosphorous residue, and its lowest acceptable quantity for chronic diseases is reported as 0.15 mg kg -1 /day. Our investigation showed that it has variable concentrations in various selected fruit samples that also zone dependently for each fruit. Residual contamination on guava was higher (0.178-0.203 mg kg -1 ) than permissible limits in Zone 1, while guava in Zone 2 was found to be lower in contamination (0.087-0.095 mg kg -1 ). Moreover, Zones 3 and 4 were also in safe ranges from this course. Similarly, its higher residual concentration was found in Zones 1 and 3, whereas Zones 2 and 4 were in safe limits for methidathion contamination on peaches. On the other hand, melon was found to be contaminated more than permissible limits of zone 1, while other tested zones remained under safe limits. For the mango samples, all zones except 4 contained more amounts of methidathion than safe limits.
Other contamination includes methamidophos, dichlorvos, and parathion-methyl of organophosphate, which were also found in these fruits as given in Fig. 2b ). Dichlorvos and metamethamidophos were in higher amounts on guava samples, while mango samples contained maximum amounts of parathion-methyl among all other samples. Maximum residue limit (MRL) of dichlorvos was in the range of 0.02-2 mg kg -1
. Our study showed that most of the zones investigated for indigenously grown selected fruit were within set limits for dichlorvos contamination -especially for mango fruit. For peach samples, 0.021-0.026 mg kg -1 as very close to safe limits and same trend was observed for other zones, also with subtle increases in contamination than permissible levels. On the other hand, kinnow and guava fruits contained more of this pesticide residue than the safe limit. Its highest amount (0.088 and 0.095 mg kg -1 ) was observed in Zone 3, for kinnow and guava, respectively.
MRL for Triazophos was established at almost 0.02 mg kg -1 for the fruits. Our findings explored the unleashed use of this pesticide by observing its amounts that were more than permissible limits in different Faisalabad fruits. Zones 1 and 2 contained 0.027-0.095 and 0.089-0104 mg kg -1 for guava fruit, but maximum residue was found on guava in Zone 3 at up to 0.120 mg kg -1 , while Zone 4 was found to be safe from this curse of contamination. In the same way, other fruits in different zones were also found contaminated, but melons at most selected sites were substantially purged from this contamination.
Concentrations of organophosphate residues vary noticeably from fruit to fruit, but they were detected in almost all tested fruit samples, and the residue of methidathion were significant in guava (0.203 mg kg , respectively, were carbamates studied on selected fruit samples in four zones. Carbosulfan residue observed on melon was within safe limits, while mango samples of Zones 2-3 showed higher concentrations. Zone 1 of mango samples were below contamination for MRL levels. The same trend was observed in peach samples having maximum concentration of almost 0.16 mg kg -1 in Zones 2-3.
Another synthetic chemical, methomyl of the carbamates class, was also studied on sample fruits, and our investigation showed that almost all fruit samples had higher residual values than safe limits that varied by zone and fruit nature. The maximum value of methomyl was observed on peach and kinnow, with more or less 0.136 mg kg -1 in Zone 3. Moreover, mango also contained higher levels than MRL, but was comparatively lower in amount than in other fruits studied for selected areas, but the carbamate found for this fruit was aldicarb at MRL 0.3mg kg -1 , which was also quantified using the TLC method. Furthermore, it was observed that aldicarb was not detected in any tested samples in Zone 2, but it was detected only in mango collected from Zone 1. We observed that mango contained a maximum amount of carbosulfan, while kinnow was more contaminated with methomyl among all the fruit varieties analyzed (Fig. 2c) .
Almost all tested samples were found to be contaminated with pyrethroid, but we observed that its concentrations varied from zone to zone and by fruit variety. Bifenthrin residue on mango was found to be higher than MRL (0.1 mg kg . Other pyrethroid contents, including cypermethrin, were also present in variable amounts, but mostly more than established MRL levels. Its maximum amount was observed on seasonal melon at 0.284 mg kg -1 in Zone 1 as compared to other zones that also contain residual concentrations higher than MRL but lower than in Zone 1. Cypermethrin on guava fruit remained almost the same in all zone with mere differences, but decamethrin on this fruit was not detected in most of the zones except for one site of Zone 1, which contained 0.182 mg kg -1 , and another site of Zone 3 with traces of 0.081 mg kg -1 on average.
Detailed comparison of these residues among different fruits is given in Fig. 2d ). It showed that cyhalothrin was found to be maximum on mango while melon contained maximum amounts of bifenthrin and cypermethrin compared to other fruit verities. Furthermore, the highest amount of decamethrin was noted on peach samples. Overall, higher residues of "thiophanate-methyl" were observed in orange and peach. Imidacloprid, methidathion, and triazopho residues were found to be higher in all fruit samples with the maximum concentration in mango (0.210-0.367 mg kg -1 ), whereas guava and melon contained almost similar residues.
Fungicides and herbicides were also detected in all fruit samples collected from the control and effected areas in Faisalabad Division. Carbendazim and benomyl were found as fungicide residues, while only isoproturon was detected in fruit samples. The lowest concentration of fungicide and herbicide was determined in the control area, while substantial higher residues of fungicides and herbicide were calculated in the affected area. Carbendazim and benomyl residues were high in Jhang areas while isoproturon residues had the same baseline in all fruit samples of the control area. Pirmahal and Sumandari contained higher residues of carbendazim, and the least residue was found in Toba Tek Singh (TTS) and Gojra samples collected from the affected area. Thiophanate-methyl was also detected in mango samples and the highest concentration was found in TTS and Pirmahal (0.570 and 0.135 mg kg -1 , respectively). The obtained data was in close agreement with the results of Ambrus et al. [33] , who used specific statistical and computational techniques to process method validations. Analysis of tested fruit samples showed remarkable pesticidal contamination. The concentrations of residual contents are largely linked with the level of humidity, range of temperature extremes, and some operational features of pesticidal applications, including dosage and dilution factor.
The pesticide residues found in fruits by using HPTLC methods are given below and contained maximum residual limits of the U.S. EPA, but most fruit samples collected from control and effected area showed more chlorpyriphos residue than the recommended limits (0.05 mg kg -1 ), which may be due to mismanagement or non-availability of proper information about pesticide applications. Determining organochlorines, organophosphates, carbamates, and pyrethroid pesticides in fruits and vegetables showed no interference after cleanup in a thin layer of chromatographic methods as reported earlier by Patil et al. [34] . The residual levels in fruit samples were below the maximum residue limits (MRL) of FAO/WHO and the U.S. EPA.
Carbendazim was detected in most of the fruits, and higher concentrations of this compound were detected in the affected areas of TT Singh, Gojra, and Pirmahal samples. High residues of carbendazim were found in guava samples as compared to others. Endosulfan was the only chlorinated residue found in fruit samples. Kinnow had higher residue contents of endosulfan than other fruits, but the lowest concentrations were detected in mango. Pyrethroids were detected frequently in fruit samples, and high residues of cypermethrin, bifenthrin, and cyhalothrin were found in all fruit samples of the affected area. Imidacloprid and methidathion were found in most fruit samples of the affected area, whereas dichlorvos residue was not so dominant in most fruit samples.
Before 2010 residual concentration was not in alarming situation on the fruits as well as other natural edibles. Tahir et al. [35] surveyed fruits and vegetables from the market of Lahore and showed that these commodities had safe limits lower than MRLs. Our results were consequently more alarming, drawing attention to the increase in pesticide residue with the passing of years, and are definitely a threat to the environment. The current investigation revealed that the fruits contain a significant amount of pesticides, which might be toxic to human beings and under the current scenario of environmental pollution [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] [46] [47] [48] [49] [50] [51] . This situation will become more alarming in coming years.
Conclusions
Consistent intentional use of pesticides and their ability to deleteriously impact other forms of life in addition to pest control raises significant concerns regarding food safety and human health. Unquestionably, crop yields have improved significantly through the application of pesticides by reducing losses induced by pests and insects. However, the loss of health and the disease burden related to the ingestion of residual pesticides is multiplied and comes out as a serious issue. The presence and continuous use of contaminated fruits is a threat to human as well as animal lives. The direct use of fruits from farm or orchard must be avoided due to the presence of high residual levels of synthetic pesticides.
